Inhibition of nicotinic acetylcholine receptor by philanthotoxin-343: kinetic investigations in the microsecond time region using a laser-pulse photolysis technique.
The mechanism of inhibition of a nicotinic acetylcholine receptor (nAChR) in BC(3)H1 muscle cells by philanthotoxin-343 (PhTX-343), a synthetic analogue of philanthotoxin-433, a wasp toxin, was investigated using a laser-pulse photolysis technique with microsecond time resolution and in a carbamoylcholine concentration range of 20-100 microM and PhTX-343 concentration range of 0-200 microM. The rate constant for nAChR channel opening determined by the chemical kinetic techniques decreased with increasing PhTX-343 concentration, whereas there was no significant effect on the rate constant for channel closing. The resulting decrease in the channel-opening equilibrium constant accounted quantitatively for the inhibition of the receptor by the toxin. Single-channel current measurements suggest an additional step in which the open channel:inhibitor complex isomerizes to a nonconducting receptor form. Cell-flow experiments with a time resolution of 10 ms indicate that this isomerization step is only important at very high inhibitor concentrations. The inhibitor binds to the open-channel receptor form, with an affinity that is at least 5 times smaller than that for the closed-channel form. This indicates that receptor inhibition mainly involves the binding of PhTX-343 to the closed-channel form of the receptor. PhTX-343, and an analogue of this polyamine, had no effect when applied to the inside of the cell membrane. However, there was significant inhibition of the nAChR when these compounds were applied to the outside of the cell membrane, indicating an extracellular site for inhibition. Furthermore, increasing the transmembrane potential results in a decrease in the ability of PhTX-343 to inhibit the receptor. This observation is related to the voltage dependence of the effect of PhTX-343 on the rate constant for nAChR channel opening with increasing transmembrane voltage (-60 to 50 mV). This suggests that the voltage dependence of inhibition mainly reflects the effect of transmembrane voltage on the rate constant of channel opening and, therefore, the channel-opening equilibrium constant. PhTX-343 competes with cocaine and procaine for its binding site. The finding that this toxin, which binds to a common inhibitory site with compounds such as cocaine, exerts its effect by decreasing the channel-opening equilibrium constant suggests an approach for the development of therapeutic agents. A compound that binds to this regulatory site but does not affect the channel-opening equilibrium constant may be developed. Such a compound can displace an abused drug such as cocaine and thereby alleviate the toxic effect of this compound on the organism.